ABSTRACT Aims/Introduction: The aim of the present prospective observational study was to assess long-term efficacy and safety of insulin degludec as a part of a basal-bolus therapy for Japanese patients with type 1 or type 2 diabetes in routine clinical practice. Materials and Methods: In the present study, 93 type 1 diabetes patients and 135 type 2 diabetes patients treated with insulin glargine or detemir were switched from their basal insulin to insulin degludec. The primary end-points were the changes in glycated hemoglobin (HbA1c) from baseline at 3, 6 and 12 months. The secondary end-points were changes in body mass index, insulin dose, frequency of hypoglycemia and adverse events. Results: HbA1c levels from baseline were significantly reduced at 3, 6, and 12 months by 0.4, 0.4 and 0.3% in type 1 diabetes patients, respectively, and by 0.5, 0.5 and 0.3% in type 2 diabetes patients, respectively. Body mass index in type 1 diabetes patients increased significantly (P < 0.05), whereas that in type 2 diabetes patients did not change. Basal insulin dose decreased significantly at 3 months after switching (P < 0.05), and returned baseline dose at 12 months in type 1 diabetes and type 2 diabetes patients. The frequency of both total and nocturnal hypoglycemia decreased significantly in type 1 diabetes and type 2 diabetes patients (P < 0.05). The result of multiple regression analysis showed that baseline HbA1c was a significant independent variable of the percentage change in HbA1c with switching.
INTRODUCTION
Insulin degludec (IDeg), a new long-acting insulin analog, has a relatively flat glucose-lowering profile that was shown by using the euglycemic clamp technique 1, 2 . IDeg is a soluble dihexamer in preparation that forms stable soluble multihexamers after subcutaneous injection. The gradual separation of IDeg monomers from the multihexamers results in a slow and continuous delivery of IDeg from the subcutaneous injection site into the circulation 2 .
Phase III clinical studies showed that IDeg showed noninferiority to the control drug, insulin glargine (IGlar), in the magnitude of glycated hemoglobin (HbA1c) reduction of nonJapanese subjects 3, 4 . However, these phase III studies tested a specific group of patients who were selected according to strict criteria regarding baseline HbA1c, body mass index (BMI) and prior medication period, based on the regulatory authority's guidelines. The insulin dose in the studies was adjusted with a target fasting blood glucose level of 70-90 mg/dL, and direct application of this dose adjustment method might be unsuitable for diabetic patients in routine clinical practice. Furthermore, in the previous reports [5] [6] [7] [8] [9] under routine clinical conditions, few studies have reported on the long-term efficacy and safety of IDeg as switching from basal insulin. Therefore, it is still unclear whether IDeg would be effective and safe for diabetic patients under the conditions of routine clinical practice.
The present study was carried out to evaluate glycemic control and the incidence of adverse reactions during a 1-year period when well-experienced diabetologists switched from IGlar or insulin detemir (IDet) to IDeg in both type 1 diabetes and type 2 diabetes outpatients.
MATERIALS AND METHODS

Participants and study design
The Kumamoto Insulin DeglUdec observatioNAl study (KIDUNA study) was designed as a 1-year, prospective, openlabel, multicenter, non-randomized, observational study. In the present study, adult Japanese outpatients with type 1 diabetes or type 2 diabetes treated with the basal-bolus insulin therapy (BBT) using rapid-acting insulin analog and long-acting insulin analog at 26 medical institutions were enrolled, between April 2013 and June 2014. The diagnosis of type 1 diabetes and type 2 diabetes was on the basis of the criteria of the Japan Diabetes Society for the diagnosis of diabetes 10, 11 . The exclusion criteria were pregnant or nursing women and subjects in whom the physician deemed IDeg treatment inappropriate.
At the start of the study, the basal insulin was switched from IGlar or IDet to IDeg once a day. IDeg was injected at bedtime in all participants. The initial dose of IDeg was determined by the attending physician, and ranged from 80 to 100% of the dose of IGlar or IDet. The dose of bolus insulin was not changed at the start of the study. Target plasma glucose level was set between 80 and 129 mg/dL before breakfast, and between 80 and 179 mg/dL at 2 h after meals without causing hypoglycemia, which had been recommended by the Japan Diabetes Society 12, 13 , to achieve HbA1c <6.9%. Insulin titration was then carried out according to the attending physician's instruction to achieve the target plasma glucose level. Doses of concomitant antidiabetic agents were not changed until the end of the study.
HbA1c, BMI and insulin dose were recorded at the time of switching to IDeg, as well as at 1, 2, 3, 6, 9 and 12 months after switching.
Safety was assessed on the basis of hypoglycemic episodes and adverse events (AEs). The frequency of hypoglycemic episodes per month from 3 to 6 months, after stable glycemic control and stable insulin dose were achieved by active titration, after switching was compared with that for 1 month before switching. Hypoglycemia was defined as any of the following criteria: (i) the presence of symptoms that were alleviated by oral ingestion of carbohydrates, an intramuscular injection of glucagon or other resuscitative actions; and (ii) a blood glucose <70 mg/dL, regardless of the presence or absence of symptoms 14 . Nocturnal hypoglycemia was defined as hypoglycemia developing between 00.01 and 05.59 hours. Severe hypoglycemia was defined as hypoglycemia accompanied by severe central nervous system symptoms that could not be resolved by the patient and required assistance 15 . AEs included all events excluding hypoglycemia temporally associated with the use of IDeg, whether or not considered related to IDeg.
All participants provided written, informed consent to participate in this study, which was carried out in accordance with the principles stated in the Declaration of Helsinki (amended in 2008 at Seoul). The study protocol was approved by the ethics committee of Kumamoto University (approval number 1,580).
Study measurements
The primary end-points were the changes in HbA1c from baseline at 3, 6 and 12 months after switching. The secondary endpoints were changes in BMI, insulin dose (bolus, basal and total), frequency of hypoglycemia after switching and AEs excluding hypoglycemia.
Statistical analysis
Data are expressed as mean -standard derivation. Of the participants registered, only those who completed the study were included in the analysis. Changes in clinical parameters were evaluated by paired t-tests or unpaired t-tests. Stepwise multiple regression analysis was used to identify independent determinants of the percentage change in HbA1c with switching, calculated as (value at month 6 -value at baseline) 9100/baseline. All variables considered to be clinically meaningful were used as independent variables in the multivariate analysis; namely, sex, age, duration of diabetes, baseline HbA1c, treated basal insulin (IGlar or IDet), treated basal insulin dose, bolus insulin dose and total insulin dose before switching, injection times of basal insulin before switching, percentage change in basal insulin dose at the time of switching, and frequency of total and nocturnal hypoglycemia. The values of b and Stdb in multiple regression analysis represent the partial regression coefficient and standard regression coefficient, respectively. P-values of <0.05 were considered to be statistically significant. Data analysis was carried out using SPSS software version 11.5 for Windows (SPSS Inc., Chicago, IL, USA).
RESULTS
Clinical characteristics
The baseline characteristics of the participants are shown in Table 1 . All participants were treated with BBT three times daily with bolus insulin and once or twice a day with basal insulin, once at bedtime or twice at pre-breakfast and bedtime, with or without oral hypoglycemic agents. Among 243 participants, 96 participants had type 1 diabetes and 147 participants had type 2 diabetes. Of the 243 participants enrolled in the KIDUNA study, 228 participants (93.8%) completed the study. A total of 15 participants (3 type 1 diabetes patients and 12 type 2 diabetes patients) withdrew. The reasons for discontinuation were transfer to other hospital (3 type 1 diabetes patients and 5 type 2 diabetes patients), conversion to other regimens (6 type 2 diabetes patients) and lost to follow up (one type 2 diabetes patient; Figure 1 ).
Among 228 participants who completed the study, 59 type 1 diabetes patients (63.4%) and 59 type 2 diabetes patients (43.7%) were treated with IGlar. In both type 1 diabetes and type 2 diabetes patients, there was no statistically significant difference in baseline characteristics between the IGlar group and IDet group. Although we did not ask the all the participants to carry out self-monitoring of blood glucose (SMBG), overall 85% of participants used a SMBG meter. However, participants were not obliged to record their glucose levels with SMBG in the present study.
Before switching from basal insulin to IDeg, 32 type 1 diabetes participants (34.4%) and seven type 2 diabetes participants (5.2%) injected basal insulin twice a day.
Glycemic control
During the 1-year observation period, HbA1c levels improved significantly from 8.7 -1.4% at baseline to 8.4 -1.4% at the end of the study in type 1 diabetes participants (P < 0.01), and from 8.1 -1.4% at baseline to 7.8 -1.3% in type 2 diabetes participants (P < 0.001; Figure 2 ). The change in HbA1c from baseline at 3, 6, and 12 months was -0.4, -0.4 and -0.3% in type 1 diabetes patients, respectively, and -0.5, -0.5 and -0.3% in type 2 diabetes patients, respectively. The percentage changes in HbA1c of type 1 diabetes and type 2 diabetes patients were -3.6 -9.6% and -5.8 -10.6%, respectively.
The percentage change in HbA1c was significantly larger in the IGlar group (-8.0 -12.5%) than in the IDet group (-4.7 -9.3%; P < 0.01) among type 2 diabetes patients, but not significantly among type 1 diabetes patients.
Regarding type 1 diabetes patients, the percentage change in HbA1c in the participants who had previously received twicedaily basal insulin injections (T1D-BID) and the participants who had previously received once-daily basal insulin injection (T1D-OD) were -4.3 -11.1% and -3.2 -8.7%, respectively. Statistical analysis in type 2 diabetes patients was not carried out because of the limited number of type 2 diabetes patients (n = 7) who had previously received twice-daily basal insulin injections.
BMI change
The BMI level was significantly increased at the end of the study in type 1 diabetes patients (22.2 -3. , P = 0.522). There was no statistically significant difference in baseline BMI level between IGlar and IDet groups in both type 1 diabetes and type 2 diabetes patients. However, the BMI level at the end of the study was significantly larger in the IDet group (23.4 -3.1 kg/m 2 ) than in the IGlar group (22.1 -3.7 kg/m 2 ; P < 0.05) among type 1 diabetes patients, which was not observed in type 2 diabetes patients.
Insulin requirement profiles
The daily insulin requirement profiles are summarized in Table 2 . At the time of switching, the percentage changes in basal insulin doses were -6.9 -11.0% in type 1 diabetes and -2.7 -9.8% in type 2 diabetes. However, there was no significant difference between the basal insulin doses at baseline and that at the end of study in both groups. The bolus insulin dose decreased significantly in type 1 diabetes patients at the end of study (P < 0.05), but not significantly in type 2 diabetes patients.
There was no statistically significant difference in basal, bolus and total insulin dose during the 1-year period between the IGlar-and IDet-treated groups among type 1 diabetes patients. The basal insulin dose in the IDet group was significantly higher than that in the IGlar group at month 9 and 12 among the type 2 diabetes patients (P < 0.05; Table S1 ).
Regarding basal insulin dose in type 1 diabetes, the percentage change in basal insulin doses at the time of switching was -13.1 -11.1% in the T1D-BID group and -3.6 -9.5% in the T1D-OD group. T1D-BID group maintained a significantly smaller basal insulin dose than that before switching during the 1-year period (P < 0.05). In contrast, in the T1D-OD group, the basal insulin doses at month 9 and 12 were significantly higher than that before switching (P < 0.05; Table S2 ).
Multiple regression analysis
As shown in Table S3 , various factors were adjusted by the stepwise procedure. Multiple regression analyses for percentage change in HbA1c identified baseline HbA1c in type 1 diabetes patients, and baseline HbA1c and treated basal insulin (IGlar or IDet) in type 2 diabetes patients as independent determinants of percentage change in HbA1c (R 2 = 0.066, P = 0.013 in type 1 diabetes patients, and R 2 = 0.222, P < 0.001 in type 2 diabetes patients).
Hypoglycemia
A reduction in the frequency of total hypoglycemia and nocturnal hypoglycemia was shown in both type 1 diabetes and type 2 diabetes patients (Table 3) . Severe hypoglycemia was observed before and after switching in one participant with type 1 diabetes. There was no significant difference in the frequency of severe hypoglycemia between before and after switching.
There was no statistically significant difference in the frequency of total hypoglycemia and nocturnal hypoglycemia between the IGlar and IDet groups in both type 1 diabetes and type 2 diabetes patients.
Adverse events
The percentage of participants reporting AEs excluding hypoglycemia was 4.0% (n = 9). AEs excluding hypoglycemia were generally mild to moderate, and there was no withdrawal because of AEs. Acute bronchitis (0.9%, n = 2), elevation of blood pressure (0.9%, n = 2), infectious enteritis (0.4%, 
DISCUSSION
In the present study, Japanese outpatients with type 1 diabetes or type 2 diabetes whose existing long-acting basal insulin was switched to IDeg, a new long-acting insulin analog, were observed for 1-year under the routine clinical practice. During the observation period, both type 1 diabetes and type 2 diabetes patients showed a significant reduction in both HbA1c levels and the frequency of hypoglycemia.
In previous phase III clinical studies comparing IDeg with IGlar in BBT, the IDeg group showed a reduction of hypoglycemia, particularly at night, while showing non-inferiority to IGlar in its blood glucose-lowering effect 3, 4, 16 . In a 2-year follow-up study, the basal and total insulin doses were lower in the IDeg group compared with the IGlar group 17 . Recently, Kobuke et al. 9 reported that the switching from conventional long-acting basal insulin to IDeg in Japanese patients with type 2 diabetes was effective in lowering HbA1c at an equal insulin dose over 24 weeks, whereas improvement of HbA1c was not shown in patients with type 1 diabetes. There were significant reductions in basal, bolus and total insulin doses at 24 weeks after switching in the type 1 diabetes patients. The percentage changes in basal, bolus and total insulin doses after Data are mean -standard deviation. *P < 0.05 vs baseline (before replacement). . In contrast, in the present study, the percentage changes in basal, bolus, and total insulin doses after 6 months in type 1 diabetes patients were -6.0, -3.7 and -4.6%, respectively. Furthermore, baseline HbA1c level in type 1 diabetes patients in the present study (8.7%) differed from that in the previous study (7.8%). Because the amount of reduced insulin dose varies according to the difference of baseline characteristics, it is possible that the disagreement on the results was caused by the differences in the background of the participants.
In the present study, the basal insulin dose was decreased by 3.6% in T1D-OD, by 13.1% in T1D-BID and by 2.7% in type 2 diabetes patients, when switching from current basal insulin to IDeg. After switching, the glycemic control was improved in all types of patients. In previous studies 7, 9 , when participants were switched to IDeg, the basal insulin dose was adjusted, and dose reduction was greater in these reports than in the present study. Such greater dose reduction might be one of the reasons for unimproved glycemic control for participants that switched to IDeg in the previous studies 7, 9 . Therefore, our finding suggested that smaller basal insulin dose reduction might provide better glycemic control when patients with difficult glycemic control using IGlar or IDet were transferred to IDeg. This is the first report showing that baseline HbA1c was a significant and an independent determinant of percentage change in HbA1c when switching from IGlar or IDet to IDeg in both type 1 diabetes and type 2 diabetes patients. In the present study, the multiple regression analysis showed greater decreases in HbA1c with higher baseline HbA1c. Although there was no statistically significant difference in baseline characteristics and insulin dose until 6 months after switching between the IGlar and IDet groups, it also showed greater decreases in percentage change in HbA1c with the IGlar group than that with the IDet group among type 2 diabetes patients. However, the precise reason remains unknown, and further study is required to evaluate this issue.
Phase III clinical studies showed that the frequency of nocturnal hypoglycemia was significantly lower in type 1 diabetes or type 2 diabetes patients treated with IDeg than those with IGlar 3, 4, 16, 18 . In the present study, we did observe a significant reduction in the rates of total and nocturnal hypoglycemia after switching in both type 1 diabetes and type 2 diabetes patients, despite decreasing HbA1c levels. Lower HbA1c levels of insulin treatment would normally be expected to be accompanied by a higher rate of hypoglycemia, but IDeg reduced the rate of hypoglycemia with decreasing HbA1c levels. This could most likely be attributed to the stable and consistent profile of IDeg, with its long duration of action and lower day-to-day pharmacodynamic variability compared with other conventional basal insulin 2, 19, 20 . The molecular design and mechanism of protracting the pharmacodynamics of IDeg differ from the existing basal insulin analogs. Therefore, it is critically important to understand how the properties of insulin degludec might influence its clinical use.
The present study had a few limitations. First, there was the small sample size, single-arm and non-controlled observational study design in the study. Second, we did not evaluate insulin secretion status and the daily glucose profile. Third, there was a low percentage of participants reporting AEs excluding hypoglycemia in the present study, that might mean the participants had a limited understanding of their AEs with their treatment. Furthermore, there is the possibility that the absence of SMBG in some participants affected the detection rate of hypoglycemia, because we did not ask all the participants to carry out SMBG in our study.
In conclusion, switching from IGlar or IDet to IDeg significantly improved glycemic control with fewer incidents of hypoglycemia in both type 1 diabetes and type 2 diabetes patients inadequately controlled with BBT. As a novel basal insulin analog, IDeg might provide a benefit for diabetic patients who require BBT in clinical practice.
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